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CONTAMINATION CONTROL IN SPACE SIMULATION CHAMBERS

B. C. Moore, R. G. Camarillo, L. C. Kvinge, McDonnell Douglas
Astronautics Company, Huntington Beach, California

ABSTRACT

Protection of sensitive vehicle surfaces during space
simulation tests requires that the chamber be clean.
Various methods of cleaning are considered. Cleaning
‘ is a progressive process; the methods must be altered
‘ as cleanliness improves. If an inappropriate method
‘ is used, varnish residues may form. Experience with
| vacuum outgassing a 39 ft. diameter space chamber is
| reviewed. It is shown that acceptably low contamina-
tion rates may be achieved with the present state-of-
the art. Possible future developments are discussed,
including the use of fluorocarbon pump oil, and clean-
ing with atomic oxygen.

| INTRODUCTION

The customers of a space simulation laboratory are fre-
quently concerned that their space vehicles mey be damaged
by contamination during test (References 1 and 2)., For
example, the reflectivity of optical components, and the
ebsorptance/emittance characteristics of thermal coatings
can be significantly changed by material deposited during tests.
\ Warm material under vacuum can be transferred to the vehi-
lele in a direct line of sight. During normal operation the cold
shroud condenses and holds any material, thus preventing con-
tamination; however, some small warm surfaces may be present:
e.g., infrared arrays, ionization gage filaments, or observa-
tion windows. Also, during the chamber-pumpdown shroud-cool-
ing operation, and during the inverse warmup and backfill
operation, it is possible to transfer contaminants. Tt should
be noted that significant transfer from one part of the space
vehicle to another may elso take place (References 3 and L),

Another way for material to be deposited in the space
vehicle is through abnormal operations or accidents in the
roughing or diffusion pumps. These can cause massive back-
streaming, even though no measurable backstreaming is usually
observed during normal operation (Reference 5). Although the
'risk of these accidents is very low, the potential damage must
be considered.
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The operator of a space simulation facility is, of course,
responsive to the needs of his customers. He must not only
operate the facility to minimize any contamination, but also
must present convincing evidence that contemination flux levels
are acceptable, In addition, parts of the facility such as
solar optics may be damaged by films of contaminant. Thus, the
customer and the operator have a strong mutual interest in
reducing contaminant flux.

Space chamber operations differ significantly from those of
conventionel vacuum chambers. Installation of a space vehicle
is a complex mechanical operation. It creates a certain back-
ground of contemination, no matter how clean the chamber. The
amount and constituents of this installation contaminaetion is
an interesting subject for further study. Another difference
from conventional vacuum chamber operations lies in the rela-
tive unimportance of total vacuum level and of the common out-
gessing constituents - H,0, N2’ etc. On the other hand, there
is always great concern about specific contaminants, such as
pump oils, or materials from previous spacecraft.

Many approaches are used to safeguard the space vehicle,
Critical areas are shielded with remotely actuated covers. A
purge of clean gas may protect the vehicle; timing of purge
shutoff and shroud cooldown is optimized to avoid any unpro-
tected interval. However, to supplement these methods of
protection, it is important that the chamber be clean, that
the flux of contaminating molecules be acceptably low, and that
the risk of contaminstion be acceptable even if worst-case
mishaps occur.

This paper discusses the steps that may be taken by the
facility operator to minimize contamination flux levels and the
risks of contemination. It is desireble for the plan to be
flexible enough to provide either adequate cleanliness at mini-
mum cost, or to reach extreme cleanliness with extra operations.

The generalized approaches to cleaning a space chamber are
1isted in Table 1. These are arbitrarily divided into basic
methods, which are those immediately available to most facili-
ties and improved methods, which usually cannot be implemented
without some special effort.
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Table 1
CLEANING METHODS

BASIC METHODS - immediately available at most facilities
Washing - Sweep, Brush, Vacuum
- Water, Steam, Detergent
- Solvents
Vacuum Outgassing - Vacuun Soak
~ Transient Flow Outgassing
- Transient Flow Outgassing with gas purge
- Molecular Flow Outgassing

Elevated Temperature, with any of above

IMPROVED METHODS - usually require special effort to implement
Energized Surface - Shock, Vibration, Gas Jets
- Heating - RF Pulses
- Laser

Energized Molecules - Electron Bombardment

- Ion Bombardment

- UV Radiation - Solar Beam

~ Chemical Reaction - Atomic Oxygen

Preventive Methods - Perfluoroalkyl Polyether Fluid -
Diffusion and Mechanical Pumps

- Porous Metal Screens over Pumps
- Material and Operation Selection
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BASIC METHODS OF REMOVING CONTAMINANTS - WASHING AND VACUUM
OUTGASSING

WASHING

Washing is necessary if large quantities of contaminant are
present. Vacuum outgassing a dirty chamber has been found to
leave on the wall a powdery residue, which rubs off and stains
clothes; this residue could be expected to be carried to a space
vehicle during installation operations. Contaminants can also
be converted into varnish-like polymer films by ultraviolet
(solar) radiation or electron bombardment (Reference 6), or even
by hot surfaces as low in temperature as 300 C. (Reference 7.
Cleanup is & progressive process that must start with a rela-
tively clean chamber.

Relative merits of washing methods will not be discussed
here. However, there is an interesting question as to the
amount of contaminant that can be tolerated without washing
before proceeding with vecuum outgassing. Just how dirty can
the chamber be before washing is required? It would appear
that quantitative guidelines could be established; however, the
authors are not aware of any work on this point.

VACUUM OUTGASSING

In these methods, the conteminants are allowed to evaporate
from the chamber surfaces into some level of vacuum. The
vacuum serves to reduce the recondensation rate of contaminants
so that the effective evaporation rate increases as compared to
atmospheric pressure (Reference 8). The operation may be at
room temperature, or accelerated by heating.

One problem to be considered is the risk of spreading
localized contaminants throughout the chamber, especially into
small passages behind shrouds and shields, This problem is
more serious with low-vapor-pressure materials such as diffusion
pump oils. This is another reason for carefully washing the
chamber before outgassing. Although no general solutions to the
problem are offered here, a number of specific small passages
have been analyzed. In all these cases, it was determined that
outgassing would reduce contaminant levels.

Variations of vacuum outgassing include vacuum soak, oub-
gassing at transition flow conditions (with and without gas
purge), and outgassing at molecular flow conditions.

Vacuum Soak

The simplest outgassing method is a vacuum soak. The
chamber is roughed down, sealed, and left with pumps off. The
advanteges of this method are primarily economic: labor, equip-
ment operation costs, and material use are all zero during the
soak. The soak can be over & weekend, or for longer periods:
the MDAC 39-ft-diameter chamber (S-1) was once soaked for
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nine months, with excellent results, Judging by the speed of
subsequent pumpdowns.

Soaking does not produce the most rapid cleanup, howeviﬁ, it
is surprisingly effective. In S-1 & nominal monolayer (10
molecules/cm®) over all internal surfaces, when desorbed into
the internal volume would raise the pressure by 4.6 x 107° torr.
Many contaminants have vapor pressures substantially grester than
this figure, so that they move towards an equilibrium where most
of the material is in the gas phase. Even low-vapor-pressure
materials, such as diffusion pump oils (typically 10-9 to
10-10 torr) tend to diffuse out into the residual gas atmos-
phere (typically 1 to 100 microns, although a GN2 backfill in
the mm range may also be used). The cleanup progress can be
checked periodically by bleeding a sample through an external
mass spectrometer through a heated pipe. If appropriate, the
residual gas may be pumped off occasionally.

Outgassing at Transition Flow

In this method, the roughing pumps are used to continually
remove residual gas, thus reducing readsorption of outgassed
molecules, and speeding the cleanup. The penalty is some
increased cost, for although these pumps may usually be left
operating unattended, there is a cost involved in power and
maintenance. An additional consideration is the possibility
of backstreaming. This problem may be handled by careful trap-
ping in the roughing line, or by & gas purge.

The gas purge might also be considered as a method of out-
gassing in itself. As discussed above, evaporants from low-
vapor-pressure materials may be contained in a gas atmosphere,
thus accelerating the net removal process as long as the mean
free path remains large. One possible way to ensure gas flow
sweeping behind shrouds and shields is to periodically vary
the purge pressure over wide (10:1) limits. This would avoid
high concentrations of contaminents in the small passage atmos-
phere. A problem to monitor with these methods is that the gas
purge itself may introduce contaminents which limit the ultimate
cleanliness.

A still faster variation of roughing pump outgassing is the
addition of cryogenic panels within the chamber. These condense
and concentrate contaminants for later removal by washing.

These transition flow methods are low in cost and effective
in cleanup. For the very low-vapor-pressure contaminants, they
appear to offer the most rapid cleanup, reducing the number of
desorptions before pumping. The ultimate cleanliness may not be
of quite as high a level as achieved with molecular flow out-
gassing. (The gas purge not only may introduce contaminants,
but also interferes with their measurement.) Considering the
contaminants introduced during installation of the test vehicle
however, the net result may be the same,
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Molecular Flow Outgassing

This method is similar to transition flow outgassing in con-
tinually removing contaminants. However, it uses a lower vacuum
level and & different flow regime with different pumping speeds.
Qualitatively, an outgassed molecule no longer diffuses out into
surrounding gas, where there is & relatively high probability of
being swept away. Instead, it travels directly to some other
surface, where it recondenses.

In considering molecular flow, the concept of pumping frac-
tion is useful. How many times must a molecule be desorbed
before it is pumped? What is the probability of being pumped
for an average desorption? For the typical space chamber this
probability is very small, usually much less than 0.0l. This
means that the molecular flux within the chamber is essentially
uniform over all surfaces - the reduction in flux near the
pumps is negligible. This uniformity allows the pumping frac-
tions to be calculated directly from the geometry: the effective
area of the pump divided by total surface area.

Another useful concept is the Uniform Flux Theorem (Refer-
ence 9). Despite temperature differences of surfaces within
the chamber, the molecular flux remains uniform. This means
that heating only part of the surface (for example the shroud)
simply concentrates material on the cool surfaces (in this
example the chamber wall).

IMPROVED METHODS - ENERGIZING SURFACE, ENERGIZING MOLECULE, AND
PREVENTIVE

Improved methods of cleanup are arbitrarily defined as those
which require additional cost to implement. These methods are
conceptually divided into three groups: methods which energize
the surfaces, those which energize the contaminant molecules
directly, and preventive methods.

Surfaces may be energized by shock and vibration; or by
heating, as with pulsed radio frequency energy or lasers.
Molecules may be directly energized by electron or ion bombard-
ment, or ultraviolet radiation, or by chemical action, as with
atomic oxygen. Preventive methods limit the amount and type of
contaminant through selection of pump fluids, materials, and
operations within the chamber.

Many of these accelerated methods are potentially harmful
to painted or optical surfaces. However, some of them appear
to be useful for specific limited applications.

SURFACE ENERGIZING METHODS - Shock, Vibration, and Gas Jets

It is commonly observed that mechanical shocks or vibration
applied to a chamber will produce bursts of gas. However, tests
showed only 20 percent particle removal by a 1,000-g, l-msec
shock of & particular surface under vecuum. (Reference 10.)
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Gas jets, particularly after extended vacuum soak s Were capable
of removing up to 50 percent of the particles. These processes
appear to be difficult to implement on a large scale, They do
have some potential as a supplement to other methods. For
example, & gas purge after extended vacuum sosk might remove
particles.

Heating

Short (microsecond) pulses of radio frequency energy have
been used to heat thin (1 micron) layers at a surface to extreme
temperstures (1,000°C) without heating the bulk material.
(Reference 11.) Pulsed lasers have also been used to clean and
erode surfaces by heating thin layers. (References 12 and 13.)
Application of these methods to large areas presents difficul-
ties in uniform heating. The maximum ussble temperature is also
limited by paint characteristics, reducing the potential effec-
tiveness of these methods.

MOLECULE, ENERGIZING METHODS - Electron Bombardment

Surfaces flooded by electrons release gas. This technique
is widely used in the fabrication of vacuun tubes and in out-
gassing ionization gages. Equipment for this method is
especially simple, Tungsten filaments are installed within the
chamber. They are heated by adjustable currents and biesed by
adjustable voltages. The initiel cleanup uses low voltages and
currents to avoid arcing in the outgassed vapor. As the clean-
up progresses, maximum available power is gradually applied.
(Reference 14.) The electrons released from the filaments are
drawn to the wall. On impact, they release secondary electrons,
vhich tend to provide uniform flooding of all surfaces.

Two problems exist with application of this method to space
chambers. Meny contaminents will leave polymer films when
electron bombarded; these could dull mirrors, or increase LN,
consumption of shroud. Mayer has shown these films will form
with electron energies as low as 6 volts. (Reference 15.)
Painted surfaces may be damaged by electrons and, as insulators,
may be difficult to bombard uniformly. However, there is at
least the possibility that bombardment with low-energy electrons
might be effective in removing contamination without dameging
painted surfaces,

A very promising application is cleanup behind shrouds where
there is usually no paint. This ecould be especially beneficial
because contaminents tend to concentrate on the cool surfaces,
as previously discussed.

Ion Bombardment

Surfaces bombarded by ions are eroded. This technique is
widely used for cleaning substrates and for sputtering getter
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material in ion pumps. Its use is recommended only for rugged,
unpainted surfaces, because it is so destructive., Possible
applications are for areas such as diffusion pump elbows and
roughing line entrances.

Application is straightforward and only slightly more
complex than electron bombardment. A simple approach is to use
a combined static magnetic and electric field, as in ion pumps
and magnetron gages. Radio frequency plasma is also common.
Many geometries are available to fit specific situstions. How-
ever, coverage is usually far from uniform, and contaminating
deposits are often formed.

Ultraviolet Radiation

Ultraviolet radiation may directly energize & molecule;
which may then either outgass, leaving the surface, or poly-
merize into a film. This method is attractive if a large solar
beam is readily aveilable. Rotating mirrors could illuminate
most of the inner chamber surfaces. This method does degrade
paints, but much more gradually than ion bombardment. A major
problem is defining the level of contamination where formation
of polymer films would be acceptable.

Chemical Action

Atomic oxygen rapidly combines with many materials. It is
widely used in "dry ash" machines. It has been successfully
used to remove polymer residues from mirrors (Reference 16.)
Atomic oxygen from an RF plasma restored optical surfaces to
their original properties by a rapid non-destructive oxidation
of the polymer film. The test mirrors were ecleaned within a
10-min time span, at a vacuum of 0.5 torr. Atomic oxygen also
has been found to tend to restore white thermal coatings
damaged by proton and ultraviolet radiation (Reference 17).

Application of this method to large space chanbers presents
interesting development problenms. A low-temperature oxygen
plasma may be generated by radio frequency, or by electron beam
excitation. This plasma could be directed to flow over chamber
surfaces, especially over solar optics. Other chemical reac-
tions, such as with hydrogen, might also be used. Hazards in
the use of these activated chemicals should be carefully con-
sidered.

PREVENTIVE METHODS
Pump Fluid

A new fluid for diffusion pumps end mechanical pumps
(References 18, 19, and 20) offers the possibility of acceptable

backstreaming incidents. The perfluoroalkyl polyether molecules
do not adhere to surfaces and are easily removed. In addition,
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they break up into completely volatile products when bombarded,
leaving no residue.

This fluid requires more evaluation, but offers a potential
solution to the serious problem of acecidental backstreaming,

Porous Metal Screens

Porous metal screens have been suggested as a means of
avoiding backstreaming during accidental repressurization,
Milleron (Reference 21) used a 1/16 inch thick stainless steel
screen with 150 micron passages to isolate & diffusion pump.

He found that the white vapor eloud formed by rapid repressuri-
zation was visually eliminated. However, quantitative measure-
ments of backstreaming were not made. Screens could be used
over both rough and diffusion pumps.

Material and Operation Selection

Lubricants for moving parts and for O-ring vacuum seals
might be perfluoroalkyl polyether, similar to the punp fluid
above. FElectrical wiring might be insulated with ceramic;
aluminum wire with aluminized oxlide insulation is available.
Test buildup operations can be arranged to minimize the work
to be done in the chamber, and the time required for instal-
lation.

EVALUATION OF BASIC METHODS

What is the amount of contaminant & space vehicle will re-
ceive during a test, if the basic methods of cleanup are used to
prepare the chamber? There is, of course, no simple general
answer to this question. Yet, if we answer it as best we can,
it will be helpful in considering the development of accelerated
methods. Reecent experience with the cleanup of S-1 leads to &
tentative answer.

S5-1 is a 39-ft. diameter spherical chamber at the MDAC
Huntington Beach Facility. It is roughed by mechanical pumps
and blowers through the diffusion pumps. LN, cooled elbows
(but no valves) separate the diffusion pumps from the chanmber.
On completion of a test series last fall (1972), the chamber
was dirty, oily to the touch. It had been 3-1/2 years since
the last major cleanup. During thet time s 25 tests were con-
ducted in 75 pumpdowns and 152 days under vacuum.

The cleanup procedure was & series of molecular flow out-
gassings., Prior to the first pumpdown s the chamber floor only
was swept and wiped. The outgassing was done on weekends and
holidays, while buildup for the next test continued during
working days. Approximately 700 hours under vacuum were
accunulated in seven pumpdowns. These included four consecutive
weekends and one 10-day Christmas holiday. The last pumpdown
followed a month of buildup, and installation of considersble
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equipment, including a l90-ft2 earth simulator, freshly
painted with 3M Black Velvet 101C10. Various combinations
of shroud end building temperatures were used. (Figure 1.)

A number of interesting results emerged from this work.
First, a residue of dry powder was left on the chamber sur-
faces. Despite the low outgassing, it later was necessary
to wash this off.

The totel pressures showed a substantial and cumilative
improvement. (Figure 1.) The last pumpdown was especially
surprising; even after a month of buildup and the large new
outgassing surfaces, the improvement continued.

Most specific mass spectrometer (ms) peaks showed a rapid
cleanup. One of the slowest was an unidentified material at
AMU 350 (Figure 2). Note the dramatic response of this material
to shroud heating. It finally disappeared below the threshold
for good (10-13 torr for this particular instrument). Extra-
polating the pressure decey transient, the present level must
be much less then 1 monolayer/year.

(All msss spectrometer measurements presented are estimates
based on nitrogen equivalent pressure. The ms viewed the center
of S-1. The nature of the measurement is illustrated in
Figure 3.)

Diffusion pump oil, DC-704 (AMU 199) cleaned up more rapidly
than expected but showed some tendency to return on succeeding
pumpdowns. It also is now below threshold. (Figure L.)

Roughing pump oil, AMU 55 and 57, cleaned up very rapidly
but was the only material that continued to return. (Figure 5.)
A gas purge for use during diffusion pump shutdown and LN,
baffle warmup is being installed., It is expected that this oil
will also disappear below the threshold.

What do these results mean in terms of the original question,
i.e., how much contaminant will a space vehicle receive? Pump-
down to 1 torr takes two hours in S-1; by this time, the shrouds
may be cooled, ending contamination., During these two hours
some part of the contaminant outgassing could reach the vehicle
through turbulent flow. Conservatively, assume this fraction %o
be 1/10. If a specific contaminant is known to be outgassing at
less than 1 monolayer/year, then during pumpdown less than
2.3 x 102 monolayers would be deposited on the vehicle. A
similar amount might deposit during backfill. The total amount
would be less than 10” © monolayers for the particular con-
taminant.

This present limit is primarily one of measurement., If
improved measurements could lead to assurance that the con-
tamination rates were lesg than 1 monolayer/century, then the
result would be below 10-° monoleyer. This appears to be an
achieveble goal.

The major contamination thus is expected to be that result-
ing from the installation of the particular vehicle.
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SUMMARY

It has been experimentally demonstrated that the flux rates
of various specific contaminants in a large (39 ft. diameter)
space simulation chamber can be reduced to levels of less than
1 monolayer/year, with the cryogenic shrouds at room temperaﬁure.
This corresponds to a vehicle contamination of less than 10-
monolayers during the pumpdown-cooldown and warmup-backfill
operations of a typical space simulation test. The cleaning
procedures used were confined to washing and vacuum outgassing.
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